The present study deals with the conjugation of D N P groups to bacteriophage T4 (D N P -T 4) using l-fluoro-2,4-dinitrobenzene as the coupling reagent. For comparison conjugates of T 4 with p-azobenzene arsonic acid, lysozyme and rabbit IgG were prepared and tested. At first, attention has been directed to the inactivation kinetics of the phage conjugates resulting from the coupling reaction. Our findings lend support to the conclusion that the inactivation of D N P -T 4 due to the coupling process behaved as a multi-hit reac tion. In contradistinction to this the neutralization of D N P-T 4 by anti-D N P antibody, exhibited consis tently one hit neutralization kinetics. Moreover, the results present evidence that the velocity of infective activity of D N P -T 4, surviving the coupling process, is considerably decreased if compared to that of na tive T4. Additionally, antibodies produced in guinea 
Introduction
The 
Preparation of bacteriophage
Bacteriophage T 4B r+ and its host bacterium Esche richia coli B were grown in M 9a according to the procedure of A dams 15. The lysate was concentrated by negative pressure ultrafiltration using 8/32 Visking tubing. Then the suspension was treated with deoxy ribonuclease (I lyophilized pure, Serva Heidelberg, W. Germany) for 60 min at 37°C and dialyzed sub sequently against PBS. For further purification con centrated T4 were subjected to repeated differential centrifugation as described by P u t n a m et a l. 16. The final preparation was shown to be pure by analytical ultracentrifugation as well as by electron microscopy. The optical density of the purified T4 preparation at 260 nm was determined to be 1.0 xlO1 1 PFU /m l at 1 cm path length. Phage suspensions with a final concentration of 1 x 1013 P F U were stored at 4°C with chloroform as preservative until used.
Preparation of bacteriophage conjugates

D N P -T 4 conjugate
T4 was suspended in 2.8 ml of 0.3 m carbonate buf fer (pH 8.2) at a concentration of 2-3 x 1011 PFU/m l and 0.25 mg l-fluoro-2,4-dinitrobenzene (Fluka, Buchs, Switzerland) dissolved in 0.2 ml distilled dioxan was added within 3 min. The reaction was allowed to pro ceed at 22.5 °C with continuous stirring. Aliquots (0.2 ml) of the suspension were removed at appro priate intervals, immediately diluted two hundred fold in TGB and the inactivation of the phage con jugate was tested by direct plating as well as by the decision technique as described in section 2.5. Finally the unreacted hapten was removed by exhaustive dia lysis against TGB. D N P-T 4 was used for immuniza tion as well as for kinetic studies by the neutraliza tion assay. 
Velocity of T4 reproduction
Antisera
Anti-T4 antiserum
Anti-T4 antisera were prepared in two pregnant Simmentaler cows 4 and 7 years of age and with an average weight of 600 kg. They were immunized with purified T 4 in incomplete Freund's adjuvant contain ing 24 x 1012 P F U . A total of 14.4 ml of emulsion was administered in 1.2 to 3.0 ml doses injected into mul tiple sites both intramuscularly and subcutaneously three months prior to delivery. A fter two months rest the cows were reinjected in the same manner. The animals were bled one week after the second immu nization and the sera obtained were stored at -2 0 °C without preservatives until used. The inactivation con stants (K ) were calculated as described in section 2.9. K for the above antisera was 1 300 min-1 and 3 500 min-1, respectively.
Antiserum to D N P-T4
Antisera to D N P -T 4 were prepared in albino guinea pigs of the Rockefeller strain (300 -400 g) using a conjugate which became inactivated to 92 °/o by the coupling reaction. 
A nti-D N P antiserum
An anti-D N P antiserum was prepared by immuniz ing a cow with 125 mg D N P 40-edestin made up in incomplete Freund's adjuvant three months prior to delivery. A total volume of 12.0 ml of the mixture was distributed among several sites as described above. After an interval of two months the cow was rein jected using the same dosage of the antigen. A blood sample was taken one week after the booster injection.
The antibody content of the antiserum used for neu tralization of DNP-bacteriophage was 1.5 mg/ml as determined by quantitative precipitation with D N P SS-BSA 22. 
Kinetics o f phage neutralization
Phage reactivation
The rate of reactivation of neutralized D N P-T 4 was determined by adding 1.0 ml bovine anti-DNP anti serum to 4.0 ml D N P -T 4 (5 x 104 P F U /m l). The mix ture was incubated for 2 hr at 37 °C after which the number of P F U had been decreased to about 75 PFU /m l as assayed by DT. Then at zero time of reactivation a sample of 1.9 ml was removed from the incubation mixture. Different concentrations of D N P-BSA dissolved in 0.1 ml saline were added and further incubated at 37 °C . Duplicate 0.2 ml samples were removed at appropriate time intervals and as sayed for P F U by DT.
Results
Inactivation kinetics o f DNP-T4 during coupling reaction
As illustrated in Fig. 1 Furthermore, when assaying a representative sample of a conjugated phage by DP a great variability in terms of the plaque size was observed (Fig. 2*) . There was obviously an increase in variability of the plaque size as coupling time proceeded. In contrast the pla ques induced by unmodified phage were quite homo genous in size. On the other hand, when phage con jugates and unmodified phage respectively were assay ed by D T the plaques produced were found to be homogenous in size as illustrated in Fig. 3 . In this con text, however, it should be mentioned that anti-D N P antiserum was used instead of anti-T4 antiserum as outlined in section 2.5.
Velocity of phage reproduction
The velocity of the first step of reproduction was taken as further parameter to investigate the effect of the coupling process on the infectivity of D N P-T 4. 
Neutralization of T4 and DNP-T4 by anti-T'4 antibody
The It is apparent that the neutralization velocity of D N P -T 4 was twice as much as that found for T4 when tested at the same dilution of anti-T4 antiserum. This finding points to a significant increase in suspectibility of D N P -T 4 to neutralization by anti-T4 antibody although it must be taken into account that some anti genic determinants of the phage are not accessible because of the attachment of DNP-groups.
Neutralization o f DNP-T4 or T4 by anti-DNP-T4 antiserum
In 
Reactivation o f DNP-T4
The dissociation of anti-D N P antibody from the critical site of neutralized D N P-T 4 was studied kinetically in the presence of adequate concentrations of D N P-BSA. The details of the procedure employed have been outlined in section 2.10. The neutralization and reactivation curve of D N P-T 4 is shown in Fig. 6 . As can be seen, the time required to recover 60 % of the original number of P F U was determined to be 40 min.
Furthermore, it is apparent that the reactivation kinetics depend to some extent on the concentration of D N P-BSA present in the reaction mixture. The recovery of P F U is plotted on a logarithmic scale (Fig. 7) as well as on a non-logarithmic scale (Fig. 8) as a function of the incubation time. However, in studying reactivation kinetics the question arises whe ther reactivation might take place during decision assay. To test this possibility, duplicate samples were removed from the reaction mixture after 2 hrs. of 
Discussion
The neutralization of haptenated bacteriophages has proven to be an extremely sensitive assay for detec tion of antibodies to a chemically defined group 6-1°. Little, however, is known about the events taking place during coupling reaction and particularly about the properties of coupled phage 7>23. In the present study the conjugation of the D N P residue to T 4 was effected by reacting bacteriophage with D N FB, dif fering from that described by C a r t e r et al. Additionally, a comparison of fractions surviving the coupling process scored by D P and by D T de monstrated that the extent of inactivation was in creasingly higher utilizing D T (Fig. 1) . Therefore, it may be concluded that the velocity of infective acti vity of D N P-T 4 decreased during the coupling pro cess. Additional support for this conclusion derives from the observation that the velocity of the first step of reproduction of D N P-T4 was found to be depend ent on the extent of conjugation (Fig. 4) From the results it is clear that the properties of phage conjugates differ markedly from those of native phage with respect to the fact that the velocity of infection is markedly decreased depending on the coupling process. Further neutralization kinetics of T4 and D N P-T4 points to problems concerning the mechanism of neutralization.
Because of the high sensitivity D N P-T 4 conjugates were used to pursue the sequence and kinetics of anti body formation in cattle immunized with D N PEdestin as will be described in a forthcoming paper.
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